Interestingly, we also found BMP-2 in platelet lysate. However BMP-2 was only present in LPB pH 4.0. We suggest, based on these experimental findings, that acidic milieu influence platelets to release growth factors more potent to stimulate osteoblast proliferation than neutral and alkaline platelet preparations. Lysed platelet concentrates prepared at an alkaline pH might release additional components with stimulating effects pH of platelet concentrate and growth stimulation 4 resulting in other features than cell proliferation. This is the first report, to our knowledge, about the presence of BMP-2 in platelet lysate and about a pH dependent stimulatory effect of lysed platelet concentrates on human osteoblast-like cell proliferation. Lysed platelet concentrates, preincubated in acidic or alkaline buffers, may benefit fracture healing, implant fixation and might also be advantageous in the treatment of wounds with platelet constituents; however, this has to be investigated in extended experimental and clinical settings.
in acidic preparations of lysed platelet concentrates in comparison with neutral and alkaline preparations. The current study was intended to investigate the influence of pH on lysed platelet concentrates with respect to release of growth factors, cell proliferation and alkaline phosphatase (ALP) activity in human osteoblast-like cells (hFOB 1.19).
Cell proliferation was assessed with the MTT kit, ALP activity by conventional enzymatic reaction kinetics and growth factors platelet-derived growth factor (PDGF) , transforming growth factor- (TGF-) and BMP-2 by enzyme-linked immunosorbent assays. Osteoblast-like cells were stimulated with lysed platelet concentrates preincubated at pH 4.4, 5.4, 7.4, and 7.6. A 3-to 13-fold increase of cell proliferation was found in comparison with controls and the most evident increase was observed with platelets activated at pH 5.4. The highest ALP activity was observed in preparations at pH 7.6. Platelets incubated in an acidic environment (pH 5.4) induced a higher proliferation compared with preincubation at neutral or alkaline pH and the level of PDGF was also found to be higher in acidic preincubations. The level of TGF- was, in contrast, lowest at pH 4.4.
Interestingly, we also found BMP-2 in platelet lysate. However BMP-2 was only present in LPB pH 4.0. We suggest, based on these experimental findings, that acidic milieu influence platelets to release growth factors more potent to stimulate osteoblast proliferation than neutral and alkaline platelet preparations. Lysed platelet concentrates prepared at an alkaline pH might release additional components with stimulating effects pH of platelet concentrate and growth stimulation 4 resulting in other features than cell proliferation. This is the first report, to our knowledge, about the presence of BMP-2 in platelet lysate and about a pH dependent stimulatory effect of lysed platelet concentrates on human osteoblast-like cell proliferation. Lysed platelet concentrates, preincubated in acidic or alkaline buffers, may benefit fracture healing, implant fixation and might also be advantageous in the treatment of wounds with platelet constituents; however, this has to be investigated in extended experimental and clinical settings.
INTRODUCTION
Growth factors, released from activated platelets, have a significant impact on the regulation and proliferation of mesenchymal cells during the wound healing process (1-3). Platelets, platelet-rich plasma (PRP), platelet lysates, platelet-derived growth factor (PDGF), and supernatants from activated platelets all have well-known stimulatory effects on mesenchymal cells in vitro (4-10) and in vivo (11) . The clinical potential of platelet constituents is interesting and several clinical trials and observations on wound healing and bone formation have been published (12) (13) (14) (15) (16) (17) (18) . Previously, it has also been described that mineralization and bone repair is pH dependent. The early acidity within fracture hematomas is later followed by a change in pH towards alkalinity (19) (20) (21) (22) (23) (24) . A low pH has also been reported during the early phase of wound healing, hence designated the acid tide (25) . Previously, Liu et al. (26) reported that the media pH of platelet lysates influence the release of biologically active substance from platelets.
Lysed platelet concentrates derived from an acidic environment had higher levels of PDGF in comparison with lysates prepared in neutral or alkaline pH buffers. Moreover, if the platelet lysate was buffered in acidic pH (pH 5.0) and added to fibroblast cell cultures, the fibroblast proliferation was significantly increased compared to lysates at a higher pH (pH 7.1 and 7.6).
The impact of lysed platelet concentrates prepared in buffers at different pH on osteoblasts has previously not been reported. The aim of this study was to evaluate cell The lysed platelets were incubated overnight at 37C and subsequently diluted 1:1 with 4% bovine serum albumin in PBS. The incubated lysed platelets were termed lysed platelets in buffer (LPB). All LPBs were sterilized through 0.22 µm syringe filters (Sartorius AG, Goettingen, Germany). Sparsely growing human osteoblast-like cells (hFOB 1.19) were exposed to LPBs at final concentrations of 9% and 18% in serum-free conditions based on previous work (26) . and 18% in serum-free conditions based on previous work (26) .
Osteoblast-like cells med referens(hFOB 1.19)

MATERIALS AND METHODS
Preparation of lysed platelets in buffer (LPB)
Platelet
Cell culture
Human osteoblast-like cells, hFOB 1.19, from the American Type Culture Collection (Manassas, VA, USA) were used throughout the current study. These cells provide a homogeneous and rapidly proliferating model system for studying normal human osteoblast differentiation, osteoblast physiology, and hormonal, growth factor, and other cytokine effects on osteoblast function and differentiation (27 confluence), in a total volume of 100 µl/well and medium was changed after 24 hours to serum-free conditions. Medium was removed after an additional incubation of 24 hours and replaced with medium including 9% or 18% of the four different preparations of LPB (i.e., at pH 4.4, 5.4, 7.4 and 7.6). The hFOB cells were grown for 24 hours before assessment of cell proliferation and ALP activity. Identical culture conditions (including 4% bovine serum albumin) was used for the hFOB control cells except that the platelet concentrate was replaced by 0.9% NaCl.
Assessment of cell proliferation
Analysis 
+assessment of BMP-2
Statistical analysis
Data are presented as the median of replicates (10 per LPB and control group) and expressed as median ± SD. Student's t-test was used to test for differences between LPB preparations and controls, and a difference was considered significant at p < 0.05.
RESULTS
Cell culture medium pH was determined over a period of 12 h after addition of the various LPB preparations (data not shown). The pHs were in the range of the buffering capacity of the medium within 10 minutes except for the 9% and 18% LPB preparations at pH 4.4, where the medium remained acidic. 
DISCUSSION
Tissue repair processes such as wound and fracture healing include complex but wellregulated cascades of events. The acid tide of wound healing, i.e., the pH within wounds and fractures, change from acidic to neutral and alkaline pH as the healing process progress (18) (19) (20) (21) (22) (23) (24) . The local environment is acidic during the initial stage of healing.
Platelets release components that contribute to improved proliferation of mesenchymal cells. The local environment will become more neutral as the healing progress and, ultimately, alkaline which results in the release of other platelet components that catalyse more differentiated osteoblast events such as ALP expression.
In this study, the use of lysed platelet concentrates preincubated in acidic, neutral and alkaline buffers demonstrated that it is possible to modulate the response of osteoblasts without changing the cultured cells pH environment. The results show that a decreased pH of the LPB significantly increase proliferation stimuli on osteoblasts in vitro. These results are in conjunction with our previous results on the effect of lysed platelet concentrates on fibroblast proliferation (26) .
(Direct effects of low pH on osteoblasts in vitro have previously been reported (28, 29, 30) . Acidification down to pH 7.0 decrease proliferation, collagen synthesis, and ALP activity in comparison with pH 7.4 (28, 29) . We observed that LPB preparations at pH 4.4 contributed to a significant acidification of the culture media, which was not compensated by the media buffering capacity. The extremely low proliferation with
LPBs at pH 4.4 could therefore be a direct effect of acidification of the culture media.
(However, we also used acidic buffers at higher pH to give the platelet lysates a low pH milieu. The factors released from the lysate were then utilised in osteoblast-like cells cultures, where the pH milieu was normal due to the culture media buffering capacity.)
The normalization of pH in LPB 4.0 should have been performed before use in the cell cultures.
Liu et al. (26) reported that the hydrogen concentration had an impact on the release of growth factors from the platelet lysate, e.g., PDGF. The increased release of PDGF at low pH could correspond to a higher demand of PDGF in the early part of the healing process. Our results are in conjunction with these findings since we also found higher concentrations of PDGF in LPBs prepared under acidic conditions. Further more we also found BMP-2 in the acidic preparation of LPB. However, there could be other platelet components responsible for the increased proliferation in both fibroblast and osteoblast cultures.
The high proliferation observed in acidic LPB preparations did not correspond to equally high ALP activities. The observed ALP increase from osteoblasts with LPB preparations at pH 7.4 and 7.6, might be explained by normalisation of proliferation and that the higher ALP expression represent ALP activities when osteoblasts are not stimulated to increase proliferation.
Liu et al. (26) reported also that the release of TGF- was higher from LPBs at pH 7.1 and 7.6 than from LPB at pH 5.0. In our experimental setting, the lowest concentration 4. Fundera på om andra tekniker än ELISA behövs.
